Previous studies revealed that some autophagy-related genes expression was increased in the HCC cell lines and tissue samples when compared to the controls. However, the mechanism of these autophagy genes in HBV-related HCC is still unclear. Hence we aim to search for the functional single nucleotide polymorphisms (SNPs) of autophagy-related genes associated with HCC. Two hundred and sixteen Thai patients with chronic HBV (CHB) infection (102 with HCC and 114 without HCC), 91 recovered individuals, and 131 healthy controls were recruited. The PCR-RFLP method and TaqMan allelic discrimination assay were applied to analyse eight SNPs including mTOR rs2295080, ATG7 rs2305686, ATG5 rs41292420, ATG5 rs77859116, ATG5 rs510432, IGF1 rs75960260, PIK3C3 rs3813065, and ATG16L1 rs2241880. Our study found that the A allele of ATG16L1 rs2241880 was associated with an increased risk in HCC as compared to CHB patients without HCC and healthy controls (OR = 1.62, P = 0.033; OR = 1.98, P = 0.002, respectively). The T allele of ATG5 rs77859116 was significantly associated with the risk to HCC as compared with CHB patients without HCC (OR = 23.61, P = 0.000007). Furthermore, we found that the combination of CT (rs41292420), TT (rs77859116), and CC (rs510432) genotypes of ATG5 conferred the risk to HCC, with the OR of the high-risk to low-risk group being 16.42 and P = 0.003. This study suggests that the polymorphisms of the ATG5 and ATG16L1 genes might be involved in HBV-related hepatocellular carcinogenesis in Thai. However, a functional study of these polymorphisms should be further confirmed.
INTRODUCTION
Although an implementation of the vaccination programs in many countries has resulted in a decrease in the incidence of acute hepatitis B, there are still approximately 240 million hepatitis B virus (HBV) carriers worldwide. More than 650 000 people die each year due to liver cirrhosis and hepatocellular carcinoma (HCC) 1 . The pathogenic mechanisms responsible for these complications are uncertain.
However, a study in Chinese twins showed that the difference of host genetics was involved with chronic HBV infection 2 . Hence the polymorphisms of the host genetic factors might be affecting to the HBV-related hepatic complications.
Autophagy is a cellular process involving the degradation of a pathogen or dysfunctional cellular components. The initiation of the autophagy process is regulated by the induction of the IGF1 (insulin-like growth factor-1) and mTOR (mamwww.scienceasia.org malian target of rapamycin) pathways 3 . Beside the inhibition of these regulators, several factors including nutrient depletion, hypoxia, drug, and radiation can also induce autophagy. The induction of autophagy results in the activation of the Beclin-1/ class III phosphatidylinositol 3-kinase (PIK3C3) protein complex, which is important for the autophagosome initiation. In the step of autophagosome formation, two ubiquitin-like conjugation systems are crucial. The first involves the covalently binding of autophagy-related genes (ATG) 12 to ATG5 and then interacts with ATG16 to form the ATG12-ATG5-ATG16 complex. The second system is the ATG8/LC3 conjugated to plasma membrane phosphatidylethanolamine. In addition, several enzymes including ATG3, ATG4, and ATG7 are required for this autophagosome maturation process 4, 5 . Our previous studies have shown the involvement of autophagy in HBV infection and the development of HCC. Increased mRNA levels of ATG16L1 and mTOR genes in the HBV-transfected HepG2.2.15 cell line compared to the human liver epithelial cell line (THLE-2 cells) and human hepatoma cell line (HepG2 cells) were found. Furthermore, the ATG16L1 mRNA expression in the HepG2 cells was higher than in the THLE-2 cells 6 . Recently, we also found that mRNA and the protein expressions of ATG5 and ATG12 were significantly increased in HepG2.2.15 cells and tumour liver tissues from HBV-related HCC patients when compared to the controls 7 . However, the ATG7 gene expression was down-regulated in HepG2.2.15 cells when compared to HepG2 cells 8 . Thus we hypothesize that the gene polymorphisms of this autophagy machinery might influence the susceptibility to chronic HBV infection and the development of HCC in the Thai population.
In this study, we selected eight functional single nucleotide polymorphisms (SNPs) of the mTOR, ATG7, ATG5, IGF1, PIK3C3, and ATG16L1 genes to investigate the effects on chronic HBV infection in Thai patients.
MATERIALS AND METHODS

Subjects
Two hundred and sixteen patients with chronic HBV infection from Chulalongkorn Memorial Hospital were recruited. These patients were divided into two groups including patients without HCC (N = 114; 42 women and 72 men: mean age ± SD = 49 ± 12 years) and patients with HCC (N = 102; 23 women and 79 men: mean age ± SD = 56.8 ± 9.6 years). The diagnosis of chronic hepatitis B was confirmed by seropositivity for the hepatitis B surface antigen (HBsAg) over a 6-month period and did not have any other types of liver diseases; such as, chronic hepatitis C or alcoholic liver diseases. In addition, all patients had increased serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels. The HCC patients were diagnosed by histopathology and/or a combination of a mass lesion in the liver from hepatic imaging and the serum alpha foetoprotein level was higher than 400 ng/ml. The control groups were also divided into two groups. The first group was 131 ethnically and geographically matched (83 women and 48 men: mean age ± SD = 23 ± 12 years) from healthy blood donors of the Thai Red Cross Society were recruited as the healthy control group and the second group was self-limited HBV patients (51 women and 40 men: mean age ± SD = 48 ± 14 years) who were tested HBsAg negative and both HBV core antibody (anti-HBc) and HBV surface antibody (anti-HBs) positive, with normal liver function tests, and no history of HBV vaccination. The Ethics Committee of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand approved the study and the subjects gave their informed consent.
DNA extraction and genotyping study
The DNA was extracted from the buffy coat collected with ethylenediaminetetraacetic acid (EDTA) as an anticoagulant, using the salting-out method 9 . The DNA was stored at −20°C until used. Four SNPs composed of ATG16L1 rs2241880 (A/G), IGF1 rs75960260 (A/G), PI3KC3 rs3813065 (T/C), and ATG5 rs77859116 (C/T) were analysed by the polymerase chain reaction-restriction fragment length polymorphism method. The primer sequences and restriction enzymes were newly designed in this study ( Table 1 ). The PCR conditions were predenaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 95°C for 30 s, annealing at 67°C for 30 s and elongation at 72°C for 30 s, with a final elongation at 72°C for 5 min. The PCR products were checked by 1% of agarose gel and visualized under UV light with ethidium bromide staining. The PCR products were digested by restriction endonucleases. The restriction fragments were separated by electrophoresis on 3% of agarose gel and visualized under UV light with ethidium bromide staining. Ten percent of the samples were confirmed by direct sequencing of the PCR products to verify the accuracy of genotyping.
The other four SNPs: mTOR rs2295080 (T/G), Table 1 Primer sequences and restriction enzymes used in this study.
Gene names Primer names Primer sequences (5 → 3 )
Restriction enzymes
, and ATG7 rs2305686 (T/C), were genotyped by the Taqman SNP genotyping assay (Applied Biosystems). The PCR reactions were performed in 96-well plates on the StepOnePlus Real-Time PCR System (Applied Biosystems). Each well contained 10 ng genomic DNA, TaqMan Genotyping Master Mix (Applied Biosystems), TaqMan genotyping assay Specific Probe mix (Applied Biosystems) and RNase Free water. One non-template-control well was included on each plate. After the DNA amplification (95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min), fluorescence was acquired and analysed for allelic discrimination using the STEPONE software.
Statistical analysis
The genotype frequencies were checked for consistency among the normal controls with those expected from the Hardy-Weinberg equilibrium (HWE). The allele and genotype frequencies were compared between groups using the chi-squared (χ 2 ) test or Fisher's exact probability test, where appropriate. The PLINK v1.9 and EPI INFO v.7.2 programs were used to calculate HWE, p-values, odds ratios (ORs), and haplotype analysis 10 . The p-value < 0.05 was considered significant. In addition, gene interaction was analysed by the multifactor dimensionality reduction (MDR) approach 11 .
RESULTS
In this study, we examined the effect of eight polymorphisms of the genes involved in autophagy regulation (mTOR and IGF1) and autophagy-related genes (PIK3C3, ATG5, ATG7, and ATG16L1) on chronic HBV infection and the development of HCC. The distribution of the allele and genotype frequencies was shown in Table 2 and Table 3 , respectively. The control genotype frequencies of all SNPs were HWE (P > 0.05). The results showed that the T allele of ATG5 rs77859116 was significantly associated with the risk to HCC as compared with CHB patients without HCC (OR = 23.61, P = 0.000007).
The effect of the T allele was similar to an autosomal recessive disorder, in which the presence of the TT genotype, when compared to TC and CC, conferred an OR of 25.00, P = 0.0000048. Furthermore, the A allele of ATG16L1 SNP rs2241880 was associated with an increased risk in HCC when compared to CHB patients without HCC and healthy controls (OR = 1.62, P = 0.033; OR = 1.98, P = 0.002, respectively). The effect of the A allele seemed to be autosomal recessive of AA when compared with GG plus AG genotypes (CHB with HCC versus CHB without HCC and healthy control; OR = 1.95, P = 0.016 and OR = 2.43, P = 0.0009, respectively). However, we did not find any significant associations of the other 6 SNPs in the mTOR (rs2295080), ATG7 (rs2305686), ATG5 (rs41292420 and rs510432), IGF1 (rs75960260), and PIK3C3 (rs3813065) genes between patients with chronic HBV and the control groups.
Furthermore, we performed a haplotype analysis of these eight SNPs by comparing each tested haplotype with other haplotypes between the patients and the controls. In this study, no significant association between the haplotypes of the 8 SNPs and risk to disease development was found (Table 4) . However, we applied the MDR method to investigate the interaction of the ATG5 gene polymorphisms including rs41292420, rs77859116, and rs510432. In this analysis, it was found that the combination of CT (rs41292420), TT (rs77859116), and CC (rs510432) genotypes of the ATG5 gene was classified as a high-risk group to HCC (ratio of case/control > 1) ( Table 5) . From the whole statistical analysis, the OR for the high-risk to lowrisk group was 16.42 and P = 0.003.
www.scienceasia.org Table 5 Analysis of the interaction of ATG5 gene polymorphisms (rs41292420, rs77859116, and rs510432) using multifactor dimensionality reduction (MDR) approach. 
DISCUSSION
In this study, we determined the association between eight functional SNPs and the susceptibility to chronic HBV infection. These SNPs were located on the promoter region (mTOR rs2295080, ATG5 rs510432, IGF1 rs75960260, and PIK3C3 rs3813065), coding exon (ATG5 rs77859116 and ATG16L1 rs2241880), and exon-intron boundary (ATG7 rs2305686 and ATG5 rs41292420). The results suggested that ATG5 rs77859116 and ATG16L1 rs2241880 polymorphisms might play an important role in the risk of HBV-related liver cancer development. ATG5 is an important gene in the initiation of the autophagosome formation. It is activated by ATG7 and forms a complex with ATG12 and ATG16L1 12 . Several studies have reported that ATG5 is associated with autoimmune diseases; such as, systemic lupus erythematosus. The T allele of ATG5 rs573775 has been reported to affect SLE susceptibility, cytokine production, and disease features 13, 14 . Furthermore, the ATG5 was associated with several kinds of cancer; such as, thyroid, prostate, stomach, and colon cancers [15] [16] [17] [18] . This study showed that the T allele and TT genotype of ATG5 rs77859116 was associated with the risk to HCC. The rs77859116 polymorphism was mapped to chromosome 6q21 on coding exon 3 and caused an amino acid exchange from isoleucine to valine. This non-synonymous SNP might affect the structure of the ATG5 protein to form a complex with ATG12 and ATG16L1, leading to an interruption of the autophagosome formation. This hypothesis is needed to be proven in a further study.
Although we did not find any association of the other two SNPs (rs41292420 and rs510432) of the ATG5 gene, it was revealed that there was significant association between the genotype combinations (CT (rs41292420), TT (rs77859116), and CC (rs510432) of the ATG5 and the risk to CHB with HCC. The ATG5 rs41292420 was mapped to the exon -intron boundary region. This position may affect either the exon skipping or utilization of the cryptic splice sites, resulting in the absence of normally spliced mRNA 19 . Another SNP, ATG5 rs510432 is on the first exon in the promoter region (C-335T). This variant has been reported to significantly enhance promoter activity 20 . The combination of these functional SNPs with others may have a risk effect to HBV-related liver disease.
The ATG16L1 gene encodes a protein that binds to the ATG12-ATG5 conjugate. It is a key regulatory autophagy gene involved in the elongation and closure steps of autophagosomes 21 . Several studies have reported that ATG16L1 polymorphism was associated with Crohn's disease 22, 23 . Furthermore, the polymorphism of the ATG16L1 (rs2241880) has been shown to be associated with the susceptibility to gastric cancer, thyroid carcinoma, and palmoplantar pustulosis [24] [25] [26] . In this study, we found that the A allele and AA genotype of ATG16L1 SNP www.scienceasia.org rs2241880 were associated with an increased risk in chronic HBV with HCC. This result suggested that ATG16L1 polymorphism might be the genetic factor responsible for the development of HCC.
The ATG16L1 rs2241880 was located on chromosome 2q37.1 on coding exon 9. This variant induced an amino acid exchange from the polar threonine to nonpolar alanine at the evolutionarily conserved position 300 of the N terminus in ATG16L1. The previous study showed macrophages derived from ATG16L1-deficient mice produced higher levels of IL-1β 27 .
Although not yet proven, there were many studies showing the lack of IL-1β might increase the host susceptibility to viral infection and harmful inflammatory host responses 28 . These studies suggested that ATG16L1 might be related to the IL-1β transcription. Nevertheless, the functional consequences of rs2241880 remain unconfirmed at the time of conducting this study.
In conclusion, we found an association between the ATG5 and ATG16L1 polymorphisms and susceptibility to chronic HBV infection with the development of hepatocellular carcinoma. However, an association study using a larger sample size should be performed to verify the findings. This association on hepatocellular carcinoma was analysed only in Thai patients from only one hospital. It would be interesting to extend the analysis to different part of Thailand and different ethnic groups in the future. In addition, there is still no report on the functional study of the polymorphisms in these two genes. Thus functional analysis involving the effect of these polymorphisms is required in the future.
